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RE\4ARKS 

This case has been carefully reviewed and analyzed in view of the Official Acticm 
dated 14 February 2002. Responsive to the rejections made in the Official Action, Claims 
1-8 have been canceled by this Amendment and new Claims 9-19 have been inserted for 
further prosecution in diis case. 

In the Official Action, the Examiner objected to the entire disclosure as being 
replete with errors in fomi, grammar, spelling, and punctuation. Accordingly, the 
following changes to the disclosure are submitted herewith: 

1 , A supplemental copy of the original Application papers are enclosed 
herewith as per the Examiner's request. The supplemental Application papers are as 
originally filed, except that the lines of text are double-spaced, the text is printed on good 
quality paper, non-prmtable characters have been removed and non-English characters 
have been removed. The substantive content of the new Application papers is exactly 
that of the original Application, as filed. 

2, The Title of the Invention, as originally filed, has been replaced with a 
brief but technically accurate and descriptive Title, '^DIGITAL FM DEMODULATOR 
WITH REDUCED QUANTIZATION NOISE", 

3, The Abstract, as originally filed, has been deleted in its entirety and 
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replaced by a Substitute Abstract to correct the numerous errors contained therein. It is 
believed that the Substitute Abstract now possesses proper form. 

4. The Specification has been amended by replacement of the original 
Specification, as filed, with the Substitute Specification, which was the most efficient 
means to correct the numerous idiomatic, grammatical, and translational errors found 
therein. It is believed that the subject matter disclosed by the Substitute Specification was 
previously disclosed in the Specification and Claims, as filed, and the accompanying 
Drawing Figures. No new matter has been added by these changes. Additionally, a 
marked-up copy of the Supplemental Specification described above is attached to this 
Amendment in compliance with MPEP § 608.0 l(q). The Substitute Specification 
includes the same changes as arc indicated in the marked-up copy of the Supplemental 
Specification. 

In tiie Official Action, 4e Examiner rejected Claims 1, 2, and 4-8 under 35 U.S.C. 
§ 1 12, second paragraph, as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which Applicant regards as the invention. The 
Examiner found the Claims to be generally narrative and indefinite and containing 
numerous grammatical and idiomatic errors. As previously indicated, the original 
Claims, as filed, have been canceled by this Amendment and new Claims 9-19 have been 
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inserted for further prosecution in tliis case. It is believed that the new Claims clearly and 



protection is being sought. 

The Examiner rejected Claims 1-8 under 35 U.S-C. § 102(b) as being anticipated 
by Hxmsmger, et al- (U.S. Patent #5,465,396; hereinafter Hunsinger). The Examiner 
found that the reference discloses the method of operation of the invention of the subject 
Patent Application, as originally claimed. 

Before discussing the prior art reference relied upon by the Examiner, it is beheved 
beneficial to first briefly review the structure of the invention of the subject Patent 
Application. The invention of the subject Patent Application is a digital FM demodulator 
used in radio commxmication systems such as pagers, cellular phones, Global Positioning 
Satellite (GPS) systems, and Digital Enhanced Cordless Telecommtmication (DECT) 
systems. The system utilizes a phase compensating feedback loop similar to that found in 
phase locked loops (PLL). The system also has elements and stractuxe in common wilt 
Delta-Sigma analog-to-digital (A/D) converters to reduce quantization errors in producing 
tiie digital output sequence from a continuously-variable phase-proportional voltage level* 
The elimination of quantization error is especially imperative in the demodulation or 
decoding of digital signals in that the quantized error does not effect the output signal's 



unambiguously define the metes and bounds of the instant iavention, for which Patent 



12 



Received from < 410 461 3067 > at 91Sf03 11:40:38 AM [Eastern DayGght Time] 



SEP-05-03 FRI 10:32 AM ROSENBERG KLEIN LEE 




FAX NO. 410 461 3067 




P. 26 



MR2723-166 

amplitude, but ratiier places erroneous bit patterns into the digital time sequence. That is 
to say, that a slight quantization error can cause a received bit to be in a logical "1** state 
when that bit was originally transmitted in a logical **0" state. 

A modulated signal Ai containing digitally encoded information on an 
intermediate frequency (IF) signal is presented to the input of a segmented reference 
delay line which includes a course delay line for introducing a fixed delay into the input 
signal, and a fine delay line which is used to introduce a variable delay in discrete levcb 
to the input signal. The fine delay line has coupled thereto a series of output taps, each of 
which arc connected at the output of each of a series of discrete delay elements. The 
signal at each of the output taps is a delayed copy of the input signal, the delay time of 
each being the sum of the delay time of the course delay line and the sum of the delay 
times of each fine delay element through which the output signal has passed up to the 
subject output tap. 

The output taps of die fine delay line are coupled to respective inputs of an M-to-1 
multiplexer. The multiplexer selectively couples one of the input terminals thereof to the 
output terminal thereof such that the signal at the output of the multiplexer is a selected 
one, Aid, of the delayed copies of the mput signal taken from the fine delay line. 

Delayed signal Aid and input signal Ai are coupled to the input of a phase detector. 
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The phase detector produces an output pulse at its output port proportional in width to the 
phase difference between Ai and Aid. The output pulses of the phase detector are signed; 
riiey convey, by being either positive or negative, wheflier the signal Aid leads or lags the 
signal Ai. 

The output port of the phase detector is coupled to a charge pump circuit, or charge 
integrator. The charge integrator produces a signal at its output proportional to an amount 
of stored charge accumulated therein. The storage of charge is controlled through tfie 
output pulses, received over time, from die phase detector. When die output pulse of the 
phase detector is positive, i.e.. Aid leads Ai, charge is added to the charge accumulator 
and when output pulse of the phase detector is negative, i.e., Ai leads Aid, charge is 
removed from the charge integrator. The output of the charge pump, Vf, increases and 
decreases according to the relative phase between Ai and Aid. 

The output of the charge pump circuit is coupled to the input of a quantizer for 
producing the final digital output signal at the quantizer output terminaL Typically, the 
quantizer is an A/D converter. In the Delta-Sigma A/D converter configuration, as 
utilized by die subject digital FM demodulator, the quantizer is a 1-bit A/D converter or a 
voltage comparator. The quantizer converts Vf into a digital output sequence, y, by 
forcing a change m state of the output signal when Vf crosses a reference voltage level. 
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A feedback mechanism is implemented throu^ a digital integrator which takes at 
its input the digital ou^ut sequence y and produces at its output a binary delay selection 
word. The digital integrator may be a digital up/down counter which counts up when the 
state of output signal y is a logical "1", and coimts down when the output signal y is a 
logical **0". The delay selection word at the output of the digital integrator is presented to 
the selection port of the multiplexer to select one of the delayed input signals to present to 
the phase detector cncuit at the next cycle or sampling period. 

One advantage of the subject digital FM demodulator is that it requires no external 
clock for a timing reference. The components of the demodulator are synchronized 
through the modulated signal AL The ou^ut pulses of the phase detector are defined by 
the rising edge of Ai and the rising edge of Aid. The charge in the charge integrator is 
ou^ut as Vf before the falling edge of Ai. The felling edge of Ai is optionally used to 
trigger the quantizer and counter. This timing and its relationship to the frequency of the 
digital output signal of the system realizes an inherent low pass digital filter in the 
demodulator system. It is the inherent low pass filter that reduces the quantization noise 
introduced by the quantizing process when producing the digital output sequence. 

As stated heremabove, the Examiner rejected Claims 1-8 under 35 U.S.C, § 102(b) 
as being anticipated by Hunsinger. Although the invention of Hunsinger is shown as 
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having several elements ia common with tiie subject digital FM modulator, important 
differences exist due to the nature of the output signal produced by each system. 
Hunsinger does not seek to extract a digital sequence and does not, therefore, recognize 
the problems associated therewith. Hunsmger's invention produces at its output an 
analog signal, i.e., one having a continuously variable amplitude which, if quantization 
enor were to occur therein, only a minute deviation from an optimal amplitude would 
occur* In systems relying on analog signals for the conveyance of information, such 
errors in the reconstructed amplitude of a signal are unlikely to produce a catastrophic 
degradation in the information being transmitted. In the production of digital sequences^ 
quantization errors result in incorrect data being inserted into the data stream^ i.e«, errors 
occur along the time axis. Errors of this type can render the information being conveyed 
undecipherable. Thus, the system of the present invention is designed to greatly reduce 
the occurrence of such errors. 

As Hunsinger does not teach a digital demodulator, the reference does not show or 
suggest the use of a **quantizer configured to produce a digital ou^ut signal at an output 
temiinal thereof* as implemented by the present invention, as now claimed. Furthermore, 
Hunsinger does not show or suggest the feedback structure of the present invention, i-e., 
"a digital integrator coupled to said digital output signal, wherein said digital integrator is 
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coupled to [a] multiplexer for selectively applying a delay". Only through the quantizer 
of the present invention is a digital output sequence produced and only throu^ the 
feedback of the digital ou^ut sequence to select the appropriate delayed input signal for 
the next cycle is the inherent digital filter realized to reduce the quantization error of die 
quantizer. Hunsinger shows a process for controlling the digital delay through the phase 
detection process, not through feedback from the output signal. Whereas the feedback 
structure of the instant invention operates to minimize the phase difference detected by 
the phase detector, much like a PLL, Hunsinger' s open-loop design does not. 
Hunsinger' s objective is in providing the ability to cancel or filter out an undesircd signal 
through a tracking delay element notch filter, which is adjusted continuously in response 
to the instantaneous frequency of a dominating interference signal (Column 6, Lines 26- 
58). 

As previously stated, Hunsinger fails to disclose a "quantizer configured to 
produce a digital output signal at an output terminal thereof, nor "a digital integrator 
coupled to said digital output signal, wherem said digital integrator is coupled to [a] 
multiplexer for selectively applybg a delay". Therefore, it is respectfully submitted that 
Hunsinger does not anticipate the invention of the subject Patent Application, as now 
claimed. Moreover, as Hunsinger does not show or suggest the combined elements for 
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die purposes and objectives of producing a digital output sequence in the manner set forth 
in the subject Patent Applcation and as discussed hereinabove, it is submitted, 
respectfiilly, that tfie subject digital FM demodulator is not made obvious by the 
Hunsinger reference, either. 

It is now believed that the subject Patent Application has been placed in condition 
for allowance, and such action is respectfully requested. 



I hereby certify that this paper is being facsimile transmitted to Art Unit #263 1 in 
the U,S. Patent and Trademark Office on die date shown below. 



Respectfiilly submitted. 




Rosenberg, Klein & Lee 

3458 EUicott Center Drive-Suite 101 

ElUcott City, MD 21043 

(410) 465-6678 
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REQUEST FOR EXTENSION OF TIME UNDER RULE 1.136 

Honorable Cononissionef for Patents 
Washington, D.C. 20231 

Sir: 

Applicant hereby requests an Extension of Time for two (2) months to respond to the 
outstanding Official Action dated 1 4 Februazy 2002. An Amendmentis being filed concurrently 
with this Request for Extension of Time, which is believed to place the case in condition for 
allowance. 

A check in the amount of $200.00 is hereby enclosed to cover the filing fees associated 
with this Extension of Time. If there are any further fbes necessary in this filing, die Director of 
Patents and Trademarks is hereby authorized to charge such to Deposit Account #18-201 1. 

RespectAiUy submitted, 



3458 Ellicott Center Drive-#101 
EllicottCity, Maryland 21043 
(410)465-6678 



MoruHT^. Rosenberg 
Registration #26,049 
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mms^-uv SUBSTITUTE f\mmcr 

ABSTRACT OF THE DISCLOSURE 
A 

The piuoLiil Invent i on ro l otoc to i| fnew methodtifdigltal FM demodulator ftat^ 
wHli-w^ -five- "m(j>^j3errdli.& 

H9lfl§4*^elay lines as^ming reference and^e concept of delta-sigma 

See n v crt gf to 



a 



conversior^S€rt8/FM demodulator/ eomp r iai n ^ delay lines ,ifnultlplexer,^hase 
deteclorJcharge pump circuit^quantizer andjjdlgital integrator. 'ni^^fnodulQtlon* 
signal 4/^/ntermediate frequency^^e9meflWMfrpa€^througl)(delay lines-aFGHmr 



one cyelB t i nff?> ^d/oom^^th^oiiginal input modulation signat/an^The co^l^"^' 
I compafeo pulse/converted into^oltage and storfi'in/capacrtor by way of/charge 
pump drcultThe qua«tizetrvoltagqfhes*been accumulates t h e n r e- B B l eeta 

new delayed output signal/to compare its phase withj(input signaLj^Thia-fiysterff ^ . 

^ btui.^ dtr^^vjii fell ow "twM -^-f^l Q^^^ 

is a i mi l arto PLL. iff a fou d bucK :,y; i l uii r 'l hIS quanti zed digital si gnal aga ii i' pa ft 

fhrnnph a ifiw-pasft f^t tgr fi'**^*" '^'q" frnquHnr^V gnnnflTod noreo t o g et th ^- . . 

o nglnal d i gita l m o dulati o n olbnol , , /IA^ 

Th te - invmitlort (iomb l Htib ll ie fuiioUun o f d emo d u l ati on a n d analog to d i g i t aP"^ 
A 'fiAtfL^- hah. Xl/K -{Cut? \yjCK.\A,t^^ "tdc- d-^i^M 
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mn£d'VF ^^VTOJZ DPEUFICATIDW 
A N e w Method Of D i gita l TM Demodulator ^ 

BACKGROUND OF THE INVENTION 

1 .Field Of theJBn v er rt i o f/ 

The present Invention relates to a new mpthnrl n^lgital frequency- 
modulation /ri e modu la tof and more particularly, to a digital ^oquonoy ^ 
mednteticrfr demodulator tha Uio i ng tho ctructiirp of tim n r ii g it Ti l r n nuorter aa ^^ 
t h t roonoopt of d el t a- s ig ma ana l og to dig i ta l cow e rtoi C ^ 

2.Description(GH^ Prior Art ^ :,nf.rTm^-^ Cte^oe^e^ 

iSquency modulation (FM) ls^fen»-df important and common method^n 
radio communication systenttbat-^t^ receiver en^contalns the FM 
demodulation circuit whicfi^fteiy^usift^analog design oirouit and th e^"" 
conventional anolog ctyle FM ripmnrii ilfitinn rircH^hnludlng/detector circuit and 
/V phase lock loop/circuit^f •bring'the detectoj^into^tegrated circuit,ther)^it-Reed- 
biggeTchip areS^9HrfJlm^^ circuit then an extemal 

capacitor is necessary outside^^chip. / 
If the modulated signalyh«dd4M digital signalAfeeesf after 
demodulation^hen the abev«-twocircuit^^ee(fanalog-to-dlgital converter to 
convert the demodulated analog signal Into digital signal, meanwhil^ thfer^ 'U^ 
analog signal is /iooy to - prf Interferecvby noise slgftgT ^ftowov e f . the digital FM 
demodulator will first convert th^ modu l at i o ri intermediate-frequency (IF) signal 
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intojdigital signal byway of^^alog-to-digitat converter.^^betTusing^igital signal 

processor to demodulates^ffismodulation signal The analog-to-dlgital converter - 

and digital signal processor used in/digital FM demodulator mus0»v^fear 

speed to demodulate the modulation signal in real time.4t-ate3^uld use**- 

reference dock wlth/mulfple-fold frequency of modulation signal for sampling , 

the input meduiatiofT signal to detect its phase change^then demodulat^but 

such technologv^/faeecTa high frequency reference clock. 

The conventional methods of digital RF communication-fiystei^always need 

to convert the analog signal Into digital signal in the receiver end with -fi^ 

drawbacksJWincreasing th^ircuit complexity. Thus.Ahe demodulation circuit 

C comiwf*^ the detector clrcui^ PLL wlth^nalog-to-digital circuit/could simply<- 
\^ a,4.<n/wk-<ctc- <7U*v«J tAi-Cnle^ ^? i4f|?t ?f«^u*y c^rtJ^i 
t h e c if ou l t dooign also wi l l bo ono of major objeUiv e s t u Udy r ^ 0 o 



SUMMARY OF THE INVENTION 



It is therefore a primary objective of the present invention to provide a new 
method ofdigital FM demodulator wHf*S'applicabl^G<1^ radio communication 
systen^/fe Siaub. -tli tf iii ud ijiatl6h-de m6dU l Ml. l m i beUion iii r e eo i vor on d;^js3 , /»._-jLcs 
c euld b o Qpp li oQbIc in DD oo iK cellular phone^P^ system.anc^DECp systems- 



The next objective of the present Invention is to provide a digital FM 
demodulatoj^lth t w o funeti e n of mod ul ation dem od u l a tio n o nqCanalog-to-digital 
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/eoBVOToietfThe input intennediate-frequency slgnal^^asf througty^iS invenliorf'^ 
demodulator^ i l j^cnG r atg a digital signal Including^igh-frequency^ ^uantizod ^' 
signal^her^by way of a low-pass filter to filt a r ou t a b o ^ ^^uantized noise signal A/ferc*s^ 
ttygef th^^bfiteadbanta signal. 

ft -^r-^C^ 

The-«th^ Objective of the present invention Is to provide a digital FM 
demodulator whichj(^opt»i¥ PLL stojcture and utilize the concept of delta- 
Sigma analog«to-digital/8arwortef*which ^itff ou tcorm ecrexternal component^* 
/■and high frequency reference clock.80 that c or s y f o r int rg rB tiOfT: 



ThiSftnvention wit^advantage^that-notwly-ue^ delay lines as the timing 
referencQ ^uf u hj' fe jUupt the concept of delta-sigma analog-to-digital,^or>v»rt«r 
to achieve the time-to-digital conversion^digital Fly/j^d omodu l a tCr This digital 
FM demodulator^(^hidiTl5 delay lines,>#n-to-1 multiplexer/phase 
detectoriharge pump drcuit,auantlzer andydigital integrator.The modulation ^ 
siqnaljWPintermediate frequency/segfwnf pass through the delay lines,)w»tWhe=' 
delay timeLround one cycle time and iWsAlelayed signal/compareJfBA)hase 
^wffroriginal signal, thls/cemparea pulse Ml-goibmu6« charge pump cirtajit u"**^. 
/m^ r^^nwort in»rt a vnitfl^a lowff stored in^apadtor.Thl^quantized^oltagqf is 



'j) accumulated by the digital integratorjlherifeample/another output signal of 



delay line^and compar^hase with^nput signal. This system Is similar tt^PLL , 
1^; is a feedback systenjj. The quantized digital signal will feed through/jow-pass 
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filterj^to filter out high frequency noise and get the original modulation signal, r.^v 
'thf^^frio^ulatlon signal i^digita|fs^nal. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The drawings disclose an Illustrative embodiment of the present invention, 
/WWdfserve^ to exemplify the various advantages and object^^Sre^and are 
as follows: 



Fig.1 is the circuit blocic diagram of/digital FM demodulator according to the 
present invention. 

Flg.2 is the circuit waveform ofj(digital FM demodulator according to the present 
Invention. 

Fig.3 is the system stmcture owligital FM demodulator according to the present 
Invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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Please refer to Rg.l/ hat rotakfeH S the circuit block diagram o^igital FM 
demodulator. The^JSoS^&^SignaJ Al(t^ is fed Into reference delay lines 1 y 
said reference delay lines|11 Including coarse delay line 1 11 and fine delay line 
112. 4ho^/delay tim^bf delay lines 11 1 and 1 1245^ntrolled separately by 
other cIrcuits.The fine delay lines 112 ba^multiple output signal^ 

AI1(t).AI2(t),Ai3(t) Aij(t) which could be expressed as follow 

Aij(t)=Ai(t-Tc-jT) — 

Tcj^e total fixed delay time ofijboarse delay line^^ 
t1 the unit delay time of fine delay lines . 

13 

jkThe phase detectoi/compares the phase difference between Aid and Al.then 
generatfl|ljpaHa|^own signal tfhe mlo^l multiplexe^wflFselect^one -yjyJiUj 
sjgnal^AiOCt), Ai1(t)Ai2(t)^ Aij(t) from fine delay lines 112 afwh^am^g as^jg 
'sigaflj fthe rising edge of Aid signaPlea^the A! signal,/up signal willj^enerattf^o.^ 
an effective pulse/aniHl^pulse widtly)Hu6t«ame^ the time difference 
between the rising edges of Al and Aid.fetfjaown signal ^ n et g e n a r a t e 
e^e ot iv Q pu l^.The total delay time/oPAl signal/^aesnhrouglyaelay lines Is ^ « 
Tc+d V, and the pulse width will equal to T-Tc-d*ryWhert-"Tc+d*T'\smaller 
t han period T o|j^ sign al/ ^ 

^ In th e Dom e-wrfg^ tfierising edge of Aid «i§ftS"la^the Ai signal,[down signal 
will goncroto an offoctiv e pulse/and-its pulse wldthj^ s also just yame .jts the lime 
difference of Aid and Ai^gftflTan^the'pulse width wilJ^uaJ^'Tc+d*T-T". 
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/-4^ value isa)ositive when Aid leadTthe Ai signal, on tho oontrafy pts value is coui^cIm^'^ 

negative when Aid lag^^i signal. Both offoctiv ^pulse^of/{up and down signajW""^ Yr" 

[trigger the charge pump circuit 14 for charging and discharging ji^/fcapacitor^Cc^ 

which jAfHTgeneratff a voltage difference, Vf, aw^i^oltage level^s proportional 

to the time difference or phase difference oWMd and Ai signair ^^-s 

. tap ^ ^ 

XEach cycle of «pt/^moduIatediignal will generate a Vf which is accumulated 

in/tetefed capacitor Cc««d4™s>stored voltage will be quantized/to generate a bit 

stream digital signal y(k), y(Kj(i8 the output digital sequence o^total system. 

Quantizer 15 is sflanalog-to-digital converter whicb(W>l<fbe/on&'bit or 

multiple-bit converterBf^it converterAs-th^^ 

t his i nvention Qdo py)ne-bit voltage comparator, -r il t /• j 
Digital integrator 16 accumulate^utput digital signal y(l^^j uotually, it io oimpfy^ 
^ an up-down counteij^fcie^ff quantizer 1 S^ fc one bit ane l o g-d i g iial fconverte f. The 
counter output signal will select one output Aid signal from the fine delay lines 
by way of multiplexer/ bnd cempa r c i ts phaw wit h /Ai a i gno rG u ii bequ ei ^tro the 
delay time of/Aid signal is controlled by output signal y(k)^4t-wiYlelay^ne moio^ 
unit time if y(k)=1 . Pn th e cont fai^.the delay/of Aidmecrease one unit delay if . /^ j !_ 
y(k)=0. Thus, thic -w ho l g |jsysten)0<r similamtjfPLL sinictii^tff^ is feeetead^ 
adjust the Aid delay time and make the next rising edge of Ai signal arrive^'^ 
phase detecto^w^ rising edge of Aid ei gnoi Dimu l tanooucl yT^rthe Aid signal 
is .just delayed^one cycle^pari Ai signal when the system Is locked. 
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/As chown iff Ftg.2. tbis-^the circuit waveform^ofijfgital FM demodulator 
according to the present lnvention/T(k) Is the kth cycle time o^lnput modu l ation *"- 
signal and Pik) is the time difference oJAid ris i ng , e dg e- w i fl H next Ai cycle.The 
effective pulse of^p signal means P{k) i^positive value, iK^he down signal 
mak^P(K) negative, Xbat^^ecause the maximum frequency shift of input 
modulation signal is much smaller than canrier frequency/the change of T(k) is 
small relative to carrier cyde^^^t!^^^^ 

^ T h erofor^ jhe effective pulse of^ipiignal and^^lown signal only happer? at fL^ 
rising edge of Aid and Ai signal%nd tf^^^ffl^^ pulse ttae-beeK^ransferred to 
Vf thai is st o re d i fycapacitor Co by way of charge pump circuit/before ^rr i v iB g ^ e f^ 
falling edge. -TW^falling edge/could/berthe trigger clock of the quantizecrand 

M"lul ni e ai < 3 I hiysystem d o n o t n a oe ?^xtemal reference clocky Afi shnwn -y 
R§:Srwaveform diagrama formula/as follows : 

P(k+1 )''P(k)+T(k)-T(k.1 )+y(krT^ igf- 

Dftfipitinr^ tioU»r^ 

AT(k)=T(k).T(k-1)^ (3)^ 

Therefore, we could ge^ 

P(k+1 )=P(k)+ AT(k)+ y(k)*T. =^ 

If V(k) mdat^he capacitor voltage a^th cycl^^(>aseT£bft Fig.2, we could 
see V(k) signal is generated by V(k-1) an(^|?csignal to charge/discharge Cc 



Received from < 41 0 461 306/ > at 915/03 1 1 :40:38 AM [Eastern Daylight Time] 



SEP-05-03 FRI 10:40 AH ROSENBERG KLEIN LEE FAX NO. 410 461 3067 P. 52 



during up or down signal effective pulse period and Ab/charge/discharge Cc 
during kth cycle, i.e^lhe voltage Is determined by tbes^rffc^rameters. 

^ /Cl* t U4 » pT 'A ^ __ ^- 

M he(voltage on Cc for I c at kth cycle is : 
/iVf_a=lc/Cc*P(k) 5;=— 

If the trigger clock is the input modulation signal Ai.then the/cc voltage level 

«. -fl^ u?)/) fx— 

will .bo noatt-formHte when charge-discharge is aVkth cycl^ 

AVf_b=y(k)*lb/Cc*[T(k)+T(k+1)]/2 HSf^ 



Then; 

AVf=AVf_a+AVf_b;- iffj^ 

V(k+1 )=V(k)+{y(k)*(lb/Cc)*|T(k)+T(k+1 )]/2}+{lc/Cc*P(k)}^- 



Because the maximum frequency shift Is much smaller than carrier 
frequency, the T(k) Is acottrtc^qual to earner cycle Tc ckA^ 

V(k+1)=V(k)+lc/Cc*P(k)+y(k)*(lb/Cc)*Tc (^T^ 

Assume 



^ a|c/Ccj 

€^(lb/Cc)*Tc. HELcwv 
Wr nni i li gnt noyt formu l a ^ 
V(k+1 )=V(k)+A*P(k+1 )+B*y(k) . 
'^^' ^uPt l ii p(k-H ) into ^^ove formula, tt^j^et 
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V(k*1 )=V(k)+A*[P(k)+ AT(k)+y(k)*T]+B*y(k) 

The quantized output of V(k)/is the total system output 




Aq shown ii^Fig.3,^ the system structure of digital FIVI demodulator 
according to the present inventiof]( This diagranwtf a two level delta-slgma 

IciwUVikidi AtSU*-^^ 6lM«|'5f»»i> 

^ structur^'^4t^Jngut is AT(k yhat a l so J^e signal difference of T(k) and T(k-1 ), 
Ttj^rconceptfOf^e output signal,y(k) lM)resent invention is similar to 
conventional analog-digital converter output signal./the quantized noise signal 
is shiftedi&liigh frequenc^^&e§meRt? S^fhe output digital signal y(k) is 
/accumulated^ifsgtheQ jittor ou f quantized noise by tl^igitai filterAO get the 



modulation signal. 

^Thewtechnology is similar to conventional delta-sigma analog-to-digitai 
converter DajeU u ii dbuve Jeduuii (m< the_output digital signal is-the f»»T>*<w<-*_<y hir, 
differentiation ofjoriginal modulation signalYi»'teri^y(k) slgnal^ffljefou^jf^j^c^ 
quantized noise by way of^ow-pass digital filter before signa! accumulation. 



=FWt invention provid^ef^M digital demodulator wWefi with wo^ advantages/ 
Iba^conventional technology as follov^ 
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l/jhe method and circuit-iypresent invention wiHjyapplicable in radio 
communication system yocidoo, the m n dulati o n d omodulot i orvooot i on i n ■ 
r eoo i vef ond ai co coutd bo gpp l irab l o in DP on ti^cellular phon^ GPS system? 
and DECT systerrif 



Z/Jie present Invention jd'provid^a digital modulation demodulator which 
/ adept-th^ PLL structure and utilize the concept of delta-slgma analog-to- 
digital converter whic^ withoutXoftnecTextemal componenrarrcp^igh 
frequency reference clock sg ^hat e asy f ef integration. 



3.1hB present Invention J^provlde'a digital modulation demodulator with Wi^^H^ 
functior^of demodulation and analog-to-digital conversion. The Input of 
intemediate-frequency signal passthrough tWsHiwewthJij^demodulator wHf 



generat^a digital signal Including high-frequenc\ W|UontigGd c l gno rftieii by 
way cf^ow-pass filter to ■filter out tiho>fg/quantized noise signal Ao -serthe 
b Qoodbnn ^ignal. 



Many changes and modifications In the above described embodiment of the 
invention can, of course, be carried out without departing from the scope 
thereof. Accordingly, to promote the progress In science and the useful arts, the 
invention is disdoslsd and is intended to be limited only by the scope of the 
appended claims. 
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